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Kud  Bottca  T»*t  Sit*  in  8«a  rrcacloco  Bmy. 


isti^vstics 


'.'rcce  an. her  tesla  were  ■  tinted  by  tb--  2.  ».  3>a.-».  *ivt. 
Engineering  Fesaarcb  and  -a  tit;  La',  ^ra* cr , ,  }  rl  .i.esrtso, 
California  at  the  request  of  lh-»  S-rea.  of  .'he  teata  wre 

v«  *-  •»  »^.  v.».  »/  .•».  t*-  *.  ,  I  '  .  .  -  .a  •  W. 

Ratal  ^shipyard,  Hunter?  Feint,  falifcrr.ls,  ar.e  .n  a  *and  fot'cs  a*. 
Fort  Euec~tr.  California. 

The  p-rp-usc  of  tb«  teats  vm  to  jrc*.  Ide  -5spars*ire  hcl  Hr.,' 
power  data  of  several  lightweight  and  Kavy  anchors  pre¬ 

sently  being  utilised  by  the  Forest  of  .hip-. 

This  report  contains  a  des trip*  1; -.  of  the  '.c: '. -  together  with 
the  results  an4,  observations. 

AHTXSa  TEST  APFAF-AIUJ 

The  teat  apparatus  for  =ud  hot  too  testa  consisted  of  tea  5  x 
12  posterns  barges.  used  to  sarrv  the  test  ea-lpneni,  er.d  a  *!  x  12 
panto,  a  varplcg  tug,  used  to  drop  and  rotrlcvo  the  anchors  The 
teat  equipment  was  ccsspcsed  of  a  hOOjOOO-ib.  capacity  electric 
dynnsoectcr  to  ueaaure  the  holding  power  of  the  anchors  and  a  cade! 
B’J-ltO  Skagit  winch  with  a  alx-part  line  for  dragging  tha  anchors. 
The  vlnch  was  spooled  with  i^JOO-ft  of  1-3/fl  In.  dlasoter  wire 
rapt,  and  the  wire  rope  was  reeved  through  a  her  to  nounted  cn  ttc 
two  barges  to  forr  the  alx-part  lino.  One  af  tr.c  5  x  12  pontcoe 
barges  waa  anchored  with  two  3^*0C2-lb.  Kavy  Stockless  onchora  and 
the  other  barge  was  attached  to  the  teat  anchor  with  suitable 
lengths  of  anchor  chain.  Figure  1  abova  a  general  view  of  the 
barges  ot  Hunters  Folnt  during  the  tests.  In  this  view  the  teit 
anchor  la  loceted  beneath  the  buoy  between  the  two  furthest  barges 
and  the  buoy  In  the  right  foreground  locates  one  of  the  Jfl.OOO-le. 
atockleaa  anchor*  used  to  hold  the  bergea  In  position. 

The  vertical  forco  required  to  break  tb«  teat  anchor  loose 
froo  the  nud  bottoes  at  the  end  of  each  t»  pull  u»a  oeaa-..cd  by 
neon*  of  n  atraln  gage  counted  on  the  warping  tug  winch  line,  bee 
Figure  2.  Depth  of  water  was  approximately  30*ft  the  test  alto. 

The  teat  apparatus  for  sand  batten  tests  consisted  of  n  20-ft 
gage  rnllvay,  300-1 1  in  length,  the  open  end  of  which  la  100-ft 
above  scan  low  tide)  a  20,000-lb.  gross  weight,  traveling  lnatru- 
cent  car;  and  a  vlccb  counted  on  a  atotlorsry  platfora  at  the  In¬ 
shore  end.  See  Figure  3«  The  inatrusent  car  wa»  fabricated  to 
aissulate  the  5K'-<*scnt  of  a  ship  dragging  its  anchor  end  to  carry 
o  b<y\000-lb.  capacity  electric  djtitoometer ,  Figure  U,  to  ceoeure 
the  holding  power  of  the  anchor*.  A  portable,  dry-cell  battery 
prwered,  Indicator  was  uued  to  recoro  the  homing  power. 


i'aspies  if  the  a-cj  were  takes  In  the  path  of  the  test  pulls 
dors  ta  a  depth  cf  <X-ft.  A  wcfcanlcal  analysis  vat  c.'Odw.'tcd 
by  the  Soils  t’ivlsice  of  tne  Liters**!  y.  *cc  Table  I.  A  soli 
shear  strength  and  water  rentent  acai/sls  of  the  hay  ovd  are 
aue-vs  in  Table  il. 

A  sechanlcal  aoB.ysls  of  the  sand  at  the  tort  Hucaccc  teat 
site  shoved  ?*■.  per  cent  sand  particles,  *2  per  cent  of  which  was 
fiter  than  O.b  es,  the  lecatndcr  being  loss  than  2.0  ss  In  alse. 

TtST  AKTKCfiS 


The  teat  acehora  consisted  of  a  2/0C-.  ?,CX-,  k.CCC-  and 
1C.W0-1V.  Llghtvctght  j  a  «*,0»-,  f.CO.-  and  17,0»-lb.  Sery 
itockiesa;  and  a  2,110- lb.  British  KOcck.  The  Kulock  anchor  Is 
equipped  with  s  li-in.  long  stabiliser  fabricated  free  2-la. 
steel  r*-cn.l  stock.  Oce  Figures  5,  6,  7,  8,  b,  and  10.  In  order 
to  ieprove  the  bolding  power  of  the  LIT  anchors,  the  £,OOC-, 

3, don. .  .r,i  hjOfO-tb.  iut  »ochws  were  modified  as  per  BuSMps 
instructions  to  a  full  fluke  shape  by  welding  fluke  extender, 
plates  to  the  base  of  the  conventional  fluke  ecd  tfccae  anchors 
were  retested  In  both  cud  and  sand,  sec  Figure  11.  Two  oev 
design  Daldt  anchors,  3,170-lb.  and  3,6;c-lfc.,  and  a  3,06o-lb. 
Croaeck  enchor  were  alao  tested.  Eec  Figurea  12,  13,  nr.d  Ik. 

TEST  RESULTS,  KUD  BOTTOM 

The  2,000-,  3,000-,  end  U, POO-lb.  Lightweight  and  k,OCC-, 
and  d,OGO-lb.  Haey  atocklasa  anchors  were  pulled  at  chain  angles 
of  0-,  6-,  and  12 -degrees.  The  proper  chain  lengths  for  i-,  C-, 
and  12-degree  chain  angles  were  obtained  by  the  formula  prw- 
seated  In  the  U.  B.  Hary  Technical  Publlcotlor  entitled  "Mooring 
Guide*  HavTocks  TP-pv-2.  The  rcBoinder  of  the  anchors  vert 
pullod  at  n  icro  degree  chain  angle  only.  Jlx  tests  were  con¬ 
ducted  vlth  each  anchor  at  each  chain  ancle.  Results  of  these 
boats  are  contained  in  Table  III.  ~lgv  s  1$  thr j- <gh  Jfl  ore 
graphs  of  the  else  teat  pulls  on  each  anchor  shoving  holding  p-ovei 
versus  anchor  travel.  Figures  33;  31* »  «ud  35  are  the  graphs  of 
the  2,OCO-lb.,  3, 000- lb.,  and  b,cC9>lb.  LWT  anchors  with  fluke 
ex*enaloa  plates.  The  holding  pewer  breakcu*  f^r'c,  and  chcir. 
angles  for  each  anchor  are  ahovn  in  the  table. 

Initial  testa  oc  the  j, 170-lb.  nev  design  Baldt  anchor 
shoved  o  holding  power  to  onchor  weight  ratio  of  2.36  to  1  at  a 
toro  degree  chain  angle.  This  low  ratio,  for  so  enchor  of  this 
design,  indicated  that  the  flukes  ver  ?  not  opening  pioperiy  ac 
the  chain  length  was  sherteued,  to  lift  th»  shank  slightly  thus 
opening  the  flukes,  and  the  anchor  was  retested.  Raiding  po  er 
ratio  was  increased  to  (>.$2  to  1. 
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Six  i.-ats  were  eond-cted  with  each  inch ;.r  at  *cr©  degree 
chain  sag.e  cnly.  Fc*  .Its  of  these  teats  are  •*•  mined  in  latie 
IV.  Ftg-x'..  through  are  graph*  *  re  eix  test  pu*-*  co 
each  anchor  sh.vieg  hindleg  power  versus  ar*hrr  travel. 

Test  pc. Is  of  the  a„vbcr  .halt  alcse  shewed  an  average  tend¬ 
ing  psver  of  21.3  klpa  frr  Jl^-ft  z!  c-</»  !0.  on-her  ehsio  rad 
3.0  hips  for  yO-ft  of  .-1,2  .’o.  anchor  chain. 

the  teats  conducted  In  the  be**h  aati  above  the  water  line 
Indicate  a  higher  holding  paver  than  the  sane  anchors  will  pro¬ 
duce  In  sand  under  water.  This  la  due  to  the  different  In-place 
denalllea  of  the  sand#  above  and  below  water.  The  sand  being 
leas  deosw  usder  water*.  The  Initiated  holding  povers  on  the 
beach  are  approxi&atcJy  33  per  cent  higher  than  under  water. 

OBSSRVATIOSS 

The  holding  power  of  individual  anchors  nay  be  lov  vben 
pulled  in  a  srud  or  sand  bottoa  due  to  the  fa"ure  of  the  fluhea 
to  open  In  nod  or  because  the  flukes  open  too  wide  in  sand.  The 
flukes  fall  to  open  In  sud  tottce  Cue  to  Insufficient  area  Ir. 
the  tripping  plates  In  relation  to  the  large  area  In  the  flukes. 

In  the  Initial  setting  of  the  anchor,  the  flukes  ere  norcally 
parallel  to  the  bottus  and  are  supported  underneath  ly  the  cc-d. 

In  thia  poaltioo  there  la  .  .thing  of  s-fflelen*  r«*laten.c  tc. 
cause  then  to  drop  down  and  dig  Into  the  cud. 

In  rand  toctoa  the  anchor*  which  hive  a  large  fluke  open¬ 
ing,  apprexleately  ^-degrees,  vli.  open  up  but  will  "tr*  bury 
into  the  sand  due  to  the  Incorrect  angl  of  pull  on  ahank  and 
fluXea.  Thia  condition  Haa  been  observed  whiie  *»ct*n»  «n  she 
oeaeb  where  the  <'n-r,ora  are  visible  and  Is  also  lodice.cd  In  the 
coaparisoa  of  the  bolding  powers  when  the  chain  angle  U  changed 
froa  tero  degrees  to  six  and  twelve  degrees  in  nud  tsttoc.  Fur 
the  Lightweight  anchors,  the  holding  power  at  12-degree  ctalo 
angle  v&s  actually  higher  In  two  Instance*  than  at  6-degree 
chain  angle.  See  Table  III.  For  the  Stoeklees  anchors,  tfc*  ln- 
ticaae  of  holding  power  froa  tero  negrec  chain  angle  to  6-,  and 
12-degrees  la  on)/  slight  after  dragging  5--!t  and  oeeoceo 
greater  as  the  anther  la  dragged  further.  The  larger  chain  angle 

1.  HA  VJEfiELAB  Technical  Hesorandua  M-C66,  Teat  of  Anchors  •'or 

Koorlr.fcS  and  UTOuna  Tackle  i.’calgn  by  R.  J.  lowne,  lb  June 

1953.  ?•  13  Rod  BUDOCKS  Sells  Lahore  tor;/  Report,  Sand  Socplea, 

Anchor  Vesta,  Steel  i  Icncrete-Stee .  Anchors,  by  L.  A.  Raiser, 
_ 5  January  1$'0. 
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optarently  tesla  to  lift  the  anther  thank  an!  lt'r;ijr  '.v 
'  Acs  ac4  p®*®!'-  iheo  tw  atart  limits  1st  a  the  -~~i  .  .'nse  »s* 
shovr  lr  fie  .-ets  on  the  rev  design  },'.?l-lb.  Saldt  at'hcr  vher, 
the  chain  length  vr*  shcrtmeJ  and  the  hciding  -ever  ratio  ! c 
anchor  weight  v«»  ImcueJ  <‘rco  2. ’-5  to  1  up  to  h.c«.  to  a. 

Strcklcts  anchors  hsre  been  tested  If.  54  bcttoa  with  the 
flukes  fixed  at  tfcr'r  naxlaea  flake  inning  and  the  bolding 
V»><«r  to  weight  ratio  s-'e.igwd  ».;4  ts  1,  spared  to  i.**9  to 
for  the  ease  anchors  without  the  f.ukoe  fixed  It  ao  open  peti¬ 
tion,  Indicating  farther  the  Inability  of  the  an.-hor  f.ukes  to 
attune  an  open  politico.  Anchors  -tilled  In  thcar  particular 
tcata  were  a  6.000-,  lOjC-nO-,  and  -WCi-lb  Kevy  atuckleac. 

The  Kulcck  anchor  stabiliser  -s  cf  Insufficient  length, 

12- In.,  to  prevent  rotation,  thereby  reducing  lta  uaxlcus  holding 
power.  The  anchor  started  to  penetrate  the  aand  bottco  rapidl; 
but  would  rotate  l&O-degreea  and  pull  out  In  a  chert  distance. 

The  now  design  Baldt  anchors  were  designed  prlsarlly  ror 
cud  tottess  ond  due  to  the  large  fluke  opening,  50-degrces,  would 
not  pece'rste  the  send  bottco  properly  and  resulted  In  a  lever 
holding  power  than  would  normally  be  expected  from  on  onchor  cf 
thla  design. 

Prcvloua  tea  tel  nade  In  eand  bottco  haw  shown  that  a  rlukc 
angle  of  35-degrc«s  produces  the  eaxlows  hol-lng  power  for  the 
anchors  In  sand  bottco  And  prellalnory  teats  In  sud  have  indi¬ 
cated  that  a  larger  fluke  angle  of  approximately  50  to  70  decrees 
will  produce  the  eaxlsun  holding  power.  These  fluke  angle  tests 
In  nod  hot too  are  tvlng  continued. 
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TABU  : 


KECKA3ICAL  AS  ALTS  IS 
Busters  Fein*  Kud 


Depth  -  ft 

Very  Pine 

Sand 

.05  -  .07  es 

Slit* 

,0C5  -  .05  «s 

Ciay* 

.001  -.005  sa 

0-1 

to 

30 

P 

10-U 

2 

43 

50 

19-20 

— 

40 

6C 

•  Par  cent  by  weight 


TABLE  II 

SOIL  SHEAS  3TO2IOJH  ABB  WATER  COKTSTT  * 
Hunter*  Point  Kud 


Depth  -  ft 

Uncoaflned  Ccuprca* Ire 

Steal  •  pat 

C  cheat  or. 

Natural 

Strength  -  p«f 

(1/2  U.C.3.) 

-  pat 

Water 

'.'ttent  -5 

12 

195 

97.5 

97 

U  4 

22 

325 

504 

16  , 

162 

V  «. 

32-5 

252.0 

252 

73 

42.5 

230 

115.0 

U5 

7?.' 

52-5 

00 

40.0 

40 

72  0 

•  Proa  KAVCERELAB  Technical  Kcsoraodifc  H-049,  Croutlag  In  Soft  Solla  by 
Philip  P.  Brovn  dated  £1  K a>  1953* 
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Holding  Power  Data  of  Steel  Anchors  tested  in  Mud  Sottas  at  Hunters  Pol1. 
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Holding  lover  Data  of  Steel  Anchors  Tested  in  Beach  Sand  at  Port  Huer.eae 
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Figure  2.  Strain  cage  used  to  >■  a«urc  break¬ 
out  fore*  of  tncborc  ...  *1*1  bottoa. 


rifiur*  3-  Te«t  »ppar»tu»  used  to  pull 
•ocbor*  la  beacb  «*od. 
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Fl6ure  11. 


Typical  IVT  accho.  vlth  fluke  ex- 
tena'.oa  pie  tea. 
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Figure  li.  Hew  dealftn  fieldt  cud  anchor 
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